The marine fishes of the genus Selene are morphologically unique, although little is known about how these species are related to other members of the family Carangidae (Perciformes). In addition, questions remain about the potential validity of two putative species and how species groups with unique body forms within Selene are related. We used DNA sequences of the mitochondrial cytochrome b gene to reconstruct the phylogeny of the seven species of Selene along with five additional species of carangids. Maximum-likelihood and maximum-parsimony analyses were used to examine the sequence data and both phylogenetic methods were compared. Maximum-likelihood produced a monophyletic Selene, whereas parsimony analyses did not. Both maximum-likelihood and maximum-parsimony produced similar support for species groups within Selene. Maximum-likelihood produced two monophyletic subgroups within the genus Selene, the "long-finned" and "short-finned" Selene. Maximum-parsimony produced the same monophyletic "long-finned" group but a paraphyletic "short-finned" group. Both analyses confirm that S. brownii and S. setapinnis are distinct species, expunging the question of conspecificity. The phylogenetic placement of the most basal taxon within Selene, S. orstedii, was problematic and differed among analyses. More data are needed to resolve with confidence its correct phylogenetic placement and, thus, the monophyly of the genus Selene.
INTRODUCTION
The genus Selene of the family Carangidae is a group of demersal fishes found in shallow tropical and temperate coastal waters. There are seven species: Selene peruviana, S. brevoortii, and S. orstedii (the commonly used spelling S. oerstedii is invalid; W. F. Smith-Vaniz, pers. comm.) of the eastern Pacific Ocean; S. setapinnis, S. vomer, and S. brownii of the western Atlantic Ocean; and S. dorsalis of the eastern Atlantic Ocean. Selene are commonly named lookdowns or moonfish, based on their steep head profile, placement of the eye, laterally compressed, deep bodies, and rounded profiles. This appears to be a highly derived body shape among Carangidae. However, there is as yet no published morphological evidence to suggest how this body form evolved. Smith-Vaniz (1984) assigned Selene and 19 other genera to the tribe Carangini based on the synapomorphy of possession of bony lateral line scutes. However, there is no uniquely derived character identified for Selene and its taxonomic composition is still in question. In particular, the status of S. orstedii, which is found in the eastern central Pacific, is unclear. It is superficially similar to other species of Selene but certain morphological characters (M. J. deGravelle, unpublished data) indicate that it is also distinct and potentially more closely related to other carangids. Questions also remain about the validity of species within Selene. S. setapinnis and S. brownii are very similar morphologically and may be conspecific (W. F. Smith-Vaniz, pers. comm.) . Characters that help differentiate these species are largely overlapping (Smith-Vaniz, 1979) . A phylogeny based on molecular data may help clarify the status of these taxa and test the current taxonomic composition of the genus.
Species of Selene have three primary body types. S. brevoortii and S. vomer have very deep head profiles and elongated dorsal and anal fins, whereas S. brownii, S. dorsalis, S. peruviana, and S. setapinnis have shallower head profiles and short dorsal and anal fins. S. orstedii has the long-finned morphology with an intermediate head profile as do the outgroup species of Alectis and Carangoides. We examine the evolution of these body types based on our phylogenetic hypotheses. Gushiken (1988) recognized Selene and Alectis as sister taxa based on two osteological synapomorphies: lachrymal deeper than it is long and a narrow internal shelf of the cleithrum. We test this sister relationship by evaluating the phylogenetic placement of Alectis alexandrinus and A. ciliaris together with all species of Selene. Carangoides otrynter shares early life history affinities with S. orstedii (W. F. Smith-Vaniz, pers. comm.) and has been included to test its potential phylogenetic placement with members of Selene. Additional taxa (Carangoides chrysophrys, Trachurus lathami, and Caranx caballus), chosen from within the family Carangidae, represent both closely and distantly related outgroup taxa.
In this study, we generate a molecular phylogeny for all seven species of Selene using DNA sequences from the mitochondrial cytochrome b gene to address taxonomic and phylogenetic questions in this group. Cytochrome b has shown great utility in phylogenetic reconstruction of fishes (for review see Lydeard and Roe, 1997) . It contains eight transmembrane regions over the 1140 bp and consists of regions of both conserved and variable DNA sequence.
METHODS

Specimen Collection and DNA Extraction
Specimens were collected by net or hook and line (Table 1) . Muscle tissue was removed from each specimen and preserved either in liquid nitrogen or in dimethyl sulfoxide (DMSO) and subsequently stored in ultra-cold freezers (Ϫ80°C). All tissue samples are now deposited in the Louisiana State University Collection of Genetic Resources (LSUMZ Accession Nos. F0279 -F0291).
Genomic DNA was isolated from 0.01 g of muscle tissue. Tissue samples were digested in prewarmed (55°C) buffer (100 mM Tris-HCl, 10 mM EDTA, 100 mM NacCl, 0.1% SDS, 50 mM dithiothreitol, and 0.5 g/ml proteinase K) until the tissue dissolved completely. DNA was extracted with the DNeasy Tissue Extraction Kit (Qiagen) as directed by the manufacturer.
PCR and DNA Sequencing
The mitochondrial cytochrome b gene was amplified in two overlapping fragments (ca. 800 bp each) with variations of the primers L14724 ϩ H15368 -H15431 and L15171 ϩ H15889 (Table 2) . Primer names indicate the DNA strand (H ϭ heavy strand and L ϭ light strand) and the position of the 3Ј end of the oligonucleotide primer relative to the human mitochondrial DNA sequence (Anderson et al., 1981) . PCR amplifications contained 1 unit AmpliTaq DNA polymerase (Perkin-Elmer), 10ϫ PCR buffer (5 l), 2.5 mM MgCl 2 , 0.25 mM each dNTP, 1 M each primer, and ca. 100 ng of DNA template in a total volume of 50 l. Thermal cycling began with a single denaturation step at 94°C for 5 min. Then 30 -35 cycles were performed consisting of denaturation at 94°C for 45 s, annealing at 52-58°C for 45 s, and extension at 72°C for 75 s. A single extension step at 72°C for 10 min was used to complete the extension of DNA fragments. PCR products were purified with QIAquick Spin Columns (Qiagen). Approximately 200 ng of double-stranded PCR product was used in cycle sequencing reactions (primers provided in Table 2 ) following the protocol outlined in the ABI Prism BigDye sequencing kit (PE Applied Biosystems). Unincorporated dyes were removed from sequencing reaction products by ethanol and sodium acetate precipitation (following the protocol outlined in the ABI Prism BigDye manual). Reaction products were electrophoresed on an ABI 377 automated DNA sequencer for approximately 7 h. Sequencing reactions were performed for both light and heavy DNA strands. Contiguous DNA fragments were assembled with Se- 469 quencher v 3.1 (GeneCodes) and submitted to GenBank (Accession Nos. AF363738 -AF363750). DNA sequences contained no gaps and were unambiguously aligned by eye (aligned sequences are available from the author D.L.R.).
Phylogenetic Analysis
We used the computer program ModelTest (Posada and Crandall, 1998) as a guide to determine a best-fit maximum-likelihood (ML) model as described by Cunningham et al. (1998) . ModelTest examines maximumlikelihood models ranging from simple to complex. This method incrementally increases the number of parameters in the ML model until the addition of a new parameter no longer increases significantly the fit between the model and the data. ModelTest calculated likelihood scores for 64 nested ML models and used hierarchical likelihood ratio tests (LRTs) to determine the best-fit model. We performed post hoc LRTs to examine several ML models that were not evaluated by the program ModelTest. The resulting best-fit model was the same in all comparisons (transversion model with five rate classes, unequal base frequencies, a parameter for invariable sites, and a gamma-distributed rate parameter). We incorporated this model of nucleotide evolution in PAUP* (Swofford, 2001 ) using the maximum-likelihood optimality criterion.
We used PAUP* to generate an initial neighborjoining tree (using the default settings) and estimated the ML parameters from that topology. Using the parameter estimates, we performed a heuristic search with random sequence addition (n ϭ 1) and tree bisection-reconnection (TBR) branch swapping. We then reestimated the ML parameters from the new tree topology. These values were used in another heuristic search with random sequence addition (n ϭ 1) and TBR branch swapping. Again we reestimated the ML parameters from the new topology. This iterative method of refining the parameter estimates was repeated until the estimates remained unchanged in three successive iterations. A final heuristic search was performed with random sequence addition (n ϭ 10) and TBR branch swapping. We performed 100 bootstrap replicates (TBR branch swapping) to test relative support for nodes in the topology (Felsenstein, 1985) .
For comparative purposes, we conducted branch and bound searches using the parsimony optimality criterion (MP). Because transitions often accumulate at rates higher than transversions, we conducted parsimony analyses under several transition:transversion (ts:tv) weighting schemes (1:1, 4.24:1, and 10:1) to evaluate the sensitivity of tree topology to this parameter. The ts:tv ratio of 4.24:1 was estimated from the best-fit ML analysis. We performed bootstrap analyses (1000 replicates; Felsenstein, 1985) for each parsimony weighting scheme to evaluate relative levels of support for various nodes in the phylogenies. Tree topologies from ML and MP analyses were compared statistically with the Kishino and Hasegawa (1989) test. With this test, it is possible to determine whether different tree topologies are significantly different. All phylogenetic analyses were performed on a Microway alpha-processor computer (21164/666MHz) running the Linux operating system.
RESULTS
Uncorrected percentage sequence divergences (p-distances; Table 3 ) ranged from 3.1 to 13.3% among species of Selene. S. orstedii showed the greatest sequence divergence (11.1 to 13.3%) compared to the other members of Selene (Table 3) . Among all taxa, p-distances ranged from 3.1% (between S. dorsalis and S. peruviana) to 16.8% (between T. lathami and S. orstedii; Table 3 ).
Multiple substitutions at third codon positions are likely to influence phylogenetic hypotheses because the number of transitions does not increase linearly as a function of percentage sequence divergence (Fig. 1) . As 5Ј-GAG GAC AAA TRT CYT TCT GAG G-3Ј Present study L15171-a 5Ј-GAG GAC AAA TRT CAT TCT GAG G-3Ј Present study H15368 5Ј-GAG TCT GAG TTT AAN CCN AGG GGG-3Ј Present study H15403 5Ј-GAG AAG TAR GGR TGG AAG G-3Ј Present study H15431 5Ј-GTG CTG CRA AGC CYA GRA GG-3Ј Present study H15431-a 5Ј-GAA CTG TAA AGC CAA GAA TG-3Ј Present study H15431-b 5Ј-GCG TTG CGA AGC CTA AGA CA-3Ј Present study H15889 5Ј-TGG RAC TGA GCT ACT AGT GC-3Ј Present study
Note. Primer names indicate the DNA strand (H ϭ heavy strand and L ϭ light strand) and the position of the 3Ј end of the oligonucleotide primer relative to the human mitochondrial DNA sequence (Anderson et al., 1981) .
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pairwise divergences reach about 13-14%, saturation at third positions is evident (Fig. 1) . Because the saturation part of the curve affects mostly outgroup comparisons, we weighted third position transitions to ensure valid outgroup comparisons. Saturation did not occur, however, for transversions and first and second codon position transitions.
The best-fit ML model contained the nucleotide substitution rate matrix; A-C ϭ 0.67, A-G ϭ 10.92, A-T ϭ 0.94, C-G ϭ 0.13, C-T ϭ 10.92, and G-T ϭ 1.00. The estimated nucleotide frequencies were A ϭ 0.268, C ϭ 0.368, G ϭ 0.125, and T ϭ 0.238. The proportion of invariable sites was estimated to be 0.64 and the shape of the gamma parameter was estimated to be 2.03. The heuristic search produced a single phylogenetic tree with a negative log likelihood score (-In L) of 5408.48 (Fig. 2) . This topology exhibits a monophyletic Selene and polyphyletic Alectis and Carangoides (Fig. 2) . Bootstrap analysis (n ϭ 100 replicates) provided an estimate of support for internal nodes ranging from Ͻ50 to 100% (Fig. 2) .
Maximum-parsimony analyses, under the three weighting schemes, produced phylogenetic trees that varied considerably. The weighting scheme, which treated transitions and transversions equally (1:1), produced an unusual strict consensus tree that placed one outgroup taxon (T. lathami) deep within the ingroup taxa (not shown) and made polyphyletic the genera Selene, Alectis, and Carangoides. Weighting 4.24:1 produced a topology that is more consistent with tra- (Fig. 3) . The topology resulting from a weighting scheme of 10:1 differed from the previous topology in the placement of S. brownii and C. otrynter (not shown) but still retained polyphyletic Selene, Alectis, and Carangoides. Both ML and MP analyses showed strong bootstrap support for three clades (labeled 98 -100% in Figs. 2 and 3 ).
Different tree topologies were compared statistically with Kishino and Hasegawa (1989) tests. The trees that resulted from the three MP weighting schemes (-InL scores ϭ 5409.52-5411.96) were compared to the tree generated in the best-fit ML analysis. None of the MP-generated topologies was significantly different from the ML tree according to the Kishino and Hasegawa test as implemented in PAUP* (P Ͼ 0.48).
FIG. 2.
Phylogenetic tree from maximum-likelihood analysis using general time reversible model (five rate classes) plus estimated base frequencies, an invariable sites parameter, and a variable rate parameter (see text for details). Numbers above the branches represent bootstrap support from 100 bootstrap replicates with bootstrap values less than 50 not shown.
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DISCUSSION
Maximum-likelihood and maximum-parsimony analyses produced phylogenetic trees that differed in several key relationships. The ML phylogeny supported a monophyletic Selene, whereas no MP analysis did. The sister relationship between A. alexandrinus and C. otrynter produced by the ML analysis was seen in only one MP analysis (ts:tv ϭ 10:1; not shown). Parsimony analyses placed S. brownii in three different clades based on the ts:tv ratio. The MP analysis with a ts:tv ratio of 4.24:1 places S. brownii as the sister to S. brevoortii ϩ S. vomer, whereas the ML analysis provided moderate bootstrap support (76%) for a sister relationship between S. brownii and the clade containing S. dorsalis, S. peruviana, and S. setapinnis.
The disagreement among analyses regarding the 473 placement of S. brownii is unexpected because it shares many morphological features with S. dorsalis, S. peruviana, and S. setapinnis (the short-finned Selene). In fact, S. brownii and S. setapinnis have been proposed to be conspecific taxa, although all molecular analyses demonstrate that they are distinct. The MP analysis (Fig. 3) placed S. brownii with S. brevoortii and S. vomer (the long-finned Selene), two Selene that are morphologically distinct from the short-finned species. However, bootstrap analysis does not support this relationship. The average percentage sequence divergence between S. brownii and the other long-and short-finned Selene is approximately 10.0%. Morphological analyses (M. J. deGravelle, unpublished data) and ML analysis (this study) provide support (100 and 76%, respectively) for a monophyletic clade of shortfinned Selene (S. brownii, S. dorsalis, S. peruviana, and S. setapinnis) .
Another relationship that differed between analyses was the placement of S. orstedii. Percentage sequence divergence between S. orstedii and other species of Selene ranged from 11.4 to 13.3% (the greatest among species of Selene). Maximum-likelihood analysis places S. orstedii as the most basal taxon of a monophyletic Selene; however, this relationship was not well supported by bootstrap analysis (less than 50%; Fig. 2 ). Maximum-parsimony analyses always generated a polyphyletic Selene by placing S. orstedii outside clades containing A. ciliaris, A. alexandrinus, and C. otrynter (e.g., Fig. 3 ). S. orstedii shares several significant osteological and morphometric features with A. alexandrinus and A. ciliaris and shares morphological similarities with the other species of Selene and a similar juvenile appearance with C. otrynter. S. orstedii is especially important for the understanding of the evolution of body shape in this group, yet its correct phylogenetic placement is still in question.
The ML analysis provides substantial bootstrap support for the internal Selene nodes and a more parsimonious interpretation of the evolution of fin morphology than does the MP analysis. The ML analysis provides support for the monophyly of both the short-finned and the long-finned Selene (76 and 98%, respectively; Fig.  2) . Also, the ML analysis places S. orstedii as the most basal member of the Selene. Based on this phylogenetic hypothesis (Fig. 2) , the short-finned form is a derived condition that evolved only once in Selene. The longfinned form is the ancestral condition and is found in S. vomer, S. brevoortii, and the outgroup taxa. It may be a consequence of retention of juvenile characteristics in the adult (Fig. 2) . This neotenic interpretation may also explain the deep body shape found in species of Selene and closely related outgroup taxa. The MP analysis does not support a parsimonious interpretation of the evolution of the short-finned form since the long fins would initially be lost in the Selene clade and then regained in the S. vomer ϩ S. brevoortii clade (Fig. 3) . The molecular evidence provided by cytochrome b clearly indicates that the question of the conspecificity of S. brownii and S. setapinnis is unfounded. However, the monophyly of Selene is still somewhat questionable. Disagreement between ML and MP analyses regarding the placement of S. brownii and S. orstedii calls into question the validity of two groups. Of lesser importance is the monophyly of the short-finned species of Selene, which are not currently recognized as a formal taxonomic group. Of greater importance is the questionable monophyly of the genus Selene. Although S. orstedii shares some osteological and morphometric affinities with members of the genus Alectis, ML analysis of DNA sequence data placed it at the base of a monophyletic Selene. However, Kishino and Hasegawa tests showed that other tree topologies that rendered the genus Selene polyphyletic (e.g., those generated in the MP analyses) could not be rejected. It is likely that the maximum-likelihood analysis produced the more accurate topology because the method was better able to account for multiple substitutions than the parsimony analysis. However, ML bootstrap analysis left us with little confidence in the monophyly of the genus Selene. Our analyses also question the validity of the genera Alectis and Carangoides, neither of which were shown to be monophyletic. Despite sampling of all seven described species of Selene, several species of Alectis and Carangoides were not sampled. Their inclusion may help resolve the relationships among species of Selene, Alectis, and Carangoides and thus explain better the evolution of body shape among these fishes.
